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(57) Transistors may be fabricated by isolating a first 
region (16) of a semiconductor layer from a second 
region (18) of the semiconductor layer (12). A first dis- 
posable gate structure (26) of the first transistor may be 
formed over the first region (16) of the semiconductor 
layer (12). The first disposable gate structure (26) may 
comprise a replaceable material A second disposable 
gate structure (28) of the second complementary tran- 
sistor may be formed over the second region (18) of the 



16 



semiconductor layer (12). A replacement layer (70) may 
be formed over the first disposable gate structure (26). 
The replacement layer (70) may comprise a replace- 
ment material. At least a portion of the replaceable 
material of the first disposable gate structure (26) may 
be substitutional ly replaced with the replacement mate- 
rial of the replacement layer (70) to form a first gate 
structure (80). 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001 ] This invention relates generally to the field of 
semiconductor devices, and more particularly to transis- 
tors with substttutionally formed gate structures and 
method. 

BACKGROUND OF THE INVENTION 

[0002] Modern electronic equipment such as televi- 
sions, telephones, radios and computers are generally 
constructed of solid state devices. Solid state devices 
are preferred In electronic equipment because they are 
extremely small and relatively inexpensive. Additionally, 
solid state devices are very reliable because they have 
no moving parts, but are based on the movement of 
charge carriers. 

[0003] Solid state devices include transistors, capaci- 
tors, resistors and the like. One type of transistor is com- 
plementary metal oxide semiconductor (CMOS) 
transistors. CMOS transistors are a pair of transistors of 
opposite type used together. CMOS transistors may be 
used for low-dissipation logic circuits and the like. 
[0004] The gates of CMOS transistors are typically 
constructed of a neutral material arKt later doped to 
opposite types such as n-type and p-type. The neutral 
gate material is generally a material that will not 
adversely affect the performance of either type of gate. 
As a result, the gate material may not be particularly 
well suited for each type of gate. 
[0005] The gates of CMOS transistors may be con- 
structed using disposable gate technology in which a 
disposable gate dielectric and/or gate body is formed 
and subsequently removed. A new gate dielectric 
and/or gate body may then be formed in a slot from 
which the disposable gate dielectric and/or gate body 
has been removed. Reforming the gate dielectric, how- 
ever, generally leads to problems in thickness when the 
gate dielectric is reformed by thermal means, problems 
with slot width enlargement when the gate dielectric Is 
formed by deposition and/or uniformity problems for 
ultra-narrow slot dimensions. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, a need has arisen in the art for 
inrtproved complementary metal oxide semiconductor 
(CMOS) and other types of transistors. The present 
teachings disclose a transistor having a substitutional ly 
formed gate structure and a method that substantially 
eliminates or reduces the disadvantages and problems 
associated with prior transistors. 
[0007] Accordingly, the following teachings disclose a 
semiconductor device that may be fabricated by isolat- 
ing a first region of a semiconductor layer from a second 
region of the semiconductor layer. A first disposable 



gate structure of a first transistor may be formed over 
the first region of the semiconductor layer. The first dis- 
posable gate structure may comprise a replaceable 
material. A second disposable gate structure of a sec- 

5 ond transistor may be formed over the second region of 
the semiconductor layer. A replacement layer may be 
formed over the first disposable gate structure. The 
replacement layer may comprise a replacement mate- 
rial. At least a portion of the replaceable material of the 

to first disposable gate structure may be substitutionally 
replaced with the replacement material of the replace- 
ment layer to form a first gate structure. 

[0008] More specificaliy, in accordance with one 
embodiment disclosed in the present teachings, the 

IS replacement and replaceable materials may be ther- 
mally annealed to substitutionally replace the replacea- 
ble material with the replacement material. In this 
embodiment, the replacement and replaceable materi- 
als may be thermally annealed at about 400 - 500 Cel- 

20 sius for between approximately 15 and 90 minutes. In 
these and other embodiments, the replacement mate- 
rial may be substituted in place of substantially all of the 
replaceable material. 

[0009] A planarizing layer may be formed over the first 

25 and second regions and expose at least a part of the 
first and second disposable gate structures. In one 
embodiment, a cap may be formed over an exposed 
portion of the second disposable gate structure. In this 
embodiment, a replacement layer may be formed by 

30 depositing the replacement layer over the planarizing 
layer, an exposed portion of the first disposable gate 
structure and the cap. In another embodiment, the 
replacement layer may be formed over an exposed por- 
tion of the first and second disposable gate structures. 

35 In this embodiment, the replacement layer may be pat- 
terned and etched to re-expose the exposed portion of 
the second disposable gate structure. 
[0010] In accordance with a particular emtK)diment 
disclosed as part of the present teachings, the second 

40 disposable gate structure may comprise a second 
replaceable material. In this embodiment, a second 
replacement layer comprising a second replacement 
material may be formed over the second disposable 
gate structure. At least a portion of the second replace- 

45 able material of the second disposable gate structure 
may be substitutionally replaced with the second 
replacement material to form a second gate structure. 
The first and second replaceable materials may com- 
prise the same material and the first and second 

50 replacement materials may comprise the same or differ- 
ent material. 

[001 1 ] In a further particular embodi ment disclosed in 
the present teachings, a first gate body of the first gate 
structure may comprise a first material. A second gate 
55 body of the second gate structure may comprise a sec- 
ond, disparate material. In this emtxxiiment, the first 
material may be the original replaceable material and 
comprise poly-crystalline material comprised in part of 
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silicon silicon-gerironium or the like, and may be 
dSo type The second material may comprise alu- 
STcther su«ab.e materia, capable of substrtu- 
tionally replacing the first material. 
100121 in another particular embodiment, af-rst gate 
SSy of the first gate structure may comprise =J'^ 
m^Lial A second gate body of the second gate struc 
Tufe S S°se fsecond, disparate mater^l.^^^^^^^^ 

embodiment, the first material j^^^^^ 
reolaceable material and may comprise poly-crystaliine 
"^comprised in part of silicon, sJ.«-"2^-an,^^ 
or the like, and may be doped n-type. The second mate 

rial may comprise aluminum or other sui^^lematenal 

capable of substitutionally replacing the 

low 3] important technical advantages o^ the p^esert 

Sch/ngsTclude provWing an '^'^Z^cZ^Je 
fnrmina transistor gate structures. In particular, a gate 
K mly be termed by substitutionally replacing a 
Sac^able material of a disposable gate with ^ 
reolacement material. Accordingly, gate bodies and 
erTulres of a transistor may be f«med ,.t^u 
the pattern and/or etching steps conventionally used in 
disposable gate technology. ^ nr^sent 

t00141 Another technical advantage of the present 
E ngs includes providing an 
Scull, a disposable gate -^^^-J^;^. 
remadng and/or damaging a gate dielectric. Accora 
nKe transistor does not suffer from problems as^- 
daSd with replacing the gate dielectric such as 
Sess slotLth enlargement or r,o.^^^^^^^^ 
ultra-narrow slot dimensions. In addition, the fesumng 
X »e may have a desired work function, sheet 
resistance, and a low gate depletion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

100151 For a more complete understanding of the 
SSent invention and its advantages thereof reference 
ST^ made to the following description ta^en in con^ 
junction with the accompanying drawings, wherein like 
Sence numerals represent like parts, in which. 

FIGURES 1A-H are a series of schematic cross- 
s^ional diagrams illustrating fabrication o^^co.^ 
pLentary transistors with substrtirtionally f«™ed 
gate structures in accordance with one embodi- 
ment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 



rooiei The preferred embodiments of the present 
Son and i^ advamages are bej u", 
referring now in more detail to •^^'^'J^^®. ^"^j^/p*^ 

drawings, in which 'f^^.S^.^S i^hIS 
throuahout the several views. FIGUREb i a m 
STrSro: Of complementary -^-a' semi-^^^^^ 
tor (CMOS) field effect transistors (FET) with sudstiw 
LalwSmed gate structures. As described m more 



detail below, at least part of a ^^^^^f ^ ^'i^t,^^^^^^ 
may be substitutionally replaced to form a sate s^ri^ 
Zl Accordingly, the disposable flate structure ne«l 
nrt be patterned and/or etched in accordance with tra- 
, dlrilCosable gate technology. Such patterning 
and etching may damage and require replacement of 
gaSe Jc which may lead to slot wWth en^rge- 
nSnt and uniformity and thickness Problems during tfie 
Earn process. In addition, the substitutional gate 
, SnS^y'allows the gate structures have des^^. 
work functions, sheet resistance, and low gate depie 

raOITI FIGURE 1 A illustrates an initial semiconductor 
SSre 10 for construc«ng the complementary t j^ 
,5 iters. The complementary transistors o^ J 

d^ sub-micron gate length, tenth-micron and be'^ 't 
JSie understood that the complementary transistors 
be^herwise sized wrthout departing from the 
Sie of Se present teachings. It will be further unde^ 
, S^^atnon-complementarytraJJ^s-^^^^^^^ 
without departing from the scope of the present teacn 

Sai The initial semiconductor structure 1 0 may 
Sise a semiconductor layer 1 2. The sa^icondu Jor 
25 teveM2 may be a substrate such as a wafer. In ttiis 
emt^rmTnt the semiconductor layer 12 may compr^ 
a sS^rJitalline silicon material. It will be understoc^ 
^Se semiconductor layer 12 may 
semiconductor material formed on a 
3D Lamole the semiconductor layer 12 may be an ep tax 
Sr grown on a wafer, a semiconductor on insulator 

arrone^iSi'^^^^ described in detail below 
Se fSt t^nsistor may comprise a P'tVP^ tr--^^^. 
35 the second transistor may comprise an ""tyP^ t^ansis 
tor inthis embodiment, thefirst region 16may c^mpr^ 
an n-well 20 formed in the semiconductor ^yer 12 and 
the second region 18 may comprise a p^ell 22 formed 
rthe SnSicon'ductor layer 12. The n-well 20 may com- 
« prise the single-crystalline silicon "^aterial^ the se^^^^ 
inductor layer 12 doped wrth an ""tVPe dopam such^as 
nhosDhorus, arsenic or antimony. The p-wel zz may 
Sse^e single-crystalline silicon n«tenal of *ie 
SSuctor lajer 12 doped w«h a P^jjpe^J 
45 such as boron. It will be understood that other types m 
" Sisisirs may be fabricated without dep-^^ 

scope of the present teachings. For ^'^"'P^f^*^^- 
^tors may both be n-type transistors or p-type trans^s 
^sU will be further understood that the semiconductor 
tors. II will uo materials or be otherwise 

50 layer 12 may comprise other matenais °<"" -..-.-nt 
doped without departing from the scope of the present 

Sw ^An isolation structure 14 may be formed in the 
[0020] J^"^™- ^ isoiatior, structure U may 
semiconductor layer i^. me k~ rMion 
s5 seoarate the semiconductor layer 12 into a first region 
^arS a second region 18. For sub-micron appj ca- 
tions ttie Isolation structure 14 may compnse a shallow 
rer^MilaSon structure. It will be understood that other 
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types of isolation structures may be used without 
departing from the scope of the present teachings. 
[0021] A first disposable gate structure 26 may be 
formed over the first region 16 of the semiconductor 
layer 12. Similarly, a second disposable gate structure 
28 may be formed over the second region 18 of the 
semiconductor layer 12. The gate structures 26 and 28 
are disposable in that one or nnore gates may be later 
replaced. However, disposable gate structure 26 or 28 
may remain as a gate structure. 
100221 In one embodiment, the first and second dis- 
posable gate structures 26 and 28 may be formed by 
the same processing steps and comprise the same 
materials. In this embodiment, the first and second dis- 
posable gate structures 26 and 28 may each comprise 
a buffer segment 30. a replaceable segment 32 and a 
cap segment 34. As described in more detail below, the 
replaceable segment 32 may allow the disposable gate 
structures 26 and/or 28 to be substitutionalty replaced 
to form a gate structure. The buffer segment 30 may be 
disposed between the replaceable segment 32 and the 
semiconductor layer 12 to prevent substitution of the 
semiconductor layer 12 during substitutional replace- 
ment of the replaceable segment 32. The cap segment 
34 may be disposed over the replaceable segment 32 to 
prevent growth, salicidation. or other processing of the 
replaceable segment 32 during subsequent processing 
steps that form the source and drains of the comple- 
mentary transistors. As described below, if a disposable 
gate structure is not to be replaced, the cap segment 34 
may be entitled to allow salicidation of the replaceable 
segment 32 which will be the gate body. This will allow 
the uncapped gates to be cladded during salicidation of 
the source and drains or at other steps in the manufac- 
turing process. Thus, in an integrated circuit in which 
the gates of a first part will be substitutionally replaced 
and the gates of a second part will not be replaced, the 
gates in the second part may not be capped to allow sal- 
icidation of the gates in the second part. Such an inte- 
grated circuit may be one in which one part of the circuit 
utilizes nrsrtOS and/or pMOS devices having low gate 
sheet resistance where threshold voltage is not as criti- 
cal as obtaining low gate sheet resistance while another 
part of the circuit may be more easily fabricated without 
changing the starting gate material such as that part o 
the circuit dominated by gate delay which is proportional 
to the ratio of gate capacitance to transistor drive cur- 
rent rather than by the gate resistance. 
[0023] In one embodiment, the buffer segment 30 may 
comprise the gate dielectric of one or both of the tran- 
sistors In this embodiment, the buffer segment 30 may 
comprise a composite oxide nitride, a nitride, an oxide, 
or the like. In this and other embodiments, the buffer 
segments 30 may be part of a buffer layer 31 disposed 
over the semiconductor layer 12. The buffer layer 31 
may act as an etch stop during formation of the dispos- 
able gate structures 26 and 28. 
[0024] In one embodiment, the replaceable segment 



32 may comprise the gate body of one of the transistors. 
In this embodiment, the replaceable segment 32 may 
comprise poly-crystalline silicon, silicon-germanium 
and the like in-situ or innplant doped with p-type dopante 
such as boron where the replaceable segment 32 will 
form the gate body of a p-type transistor or the same 
materials in-situ or implant doped with n-type dopante 
such as arsenic or phosphorus where the replaceable 
segment 32 will form the gate body of an n-type transis- 
,0 tor. In another embodiment, the replaceable segment 
32 of both transistors may be replaced to form the gate 
bodies of the transistors. In this embodiment, the 
replaceable segment 32 may also comprise poly-crys- 
talline silicon, silicon-germanium and the like. The 
,s material of the buffer segment 30 should not be substi- 
tutionally replaceable by a replacement material used in 
connection with the replaceable section 32 to allow the 
buffer segment 30 to act as a stop to replacement of the 
replaceable segment 32. The cap segment 34 may 
20 comprise a dielectric such as oxide. It will be under- 
stood that the buffer segment 30, replaceable segment 
32 and cap segment 34 may comprise other materials 
without departing from the scope of the present teach- 
ings It will be further understood that the disposable 
25 gate structures 26 and 28 may comprise other materials 
and/or layers without departing from the scope of the 
present teachings. 

[0025] Referring to FIGURE 1 B, an insulating layer 40 
may be formed over the first and second regions 16 and 
30 18 A sidewall re-oxidation may be performed prior to 
formation oi the insulating layer 40. The re-oxidation 
may rebuild edges of the buffer segment 30 that were 
etched in forming the disposable gate structures 26 and 
28 and grow along edges of the replaceable segments 

[0026] In one embodiment, the insulating layer 40 may 
be deposited over the semiconductor layer 12 and the 
disposable gate structures 26 and 28. In this embodi- 
ment, the insulating layer 40 may be deposited on the 
40 buffer layer 31 and disposable gate structures 26 and 
28 The insulating layer 40 may comprise an oxide layer, 
a nitride layer or the like. The insulating layer 40 may be 
between 50-150 angstroms thick, ft will be understood 
that the insulating layer 40 may comprise other maten- 
45 als and thicknesses capable of insulating semiconduc- 
tor elements without departing from the scope of the 
present teachings. . 
[00271 Referring to F IGURE 1 C, a portion of the insu- 
lating layer 40 over the first region 16 may be removed 
50 to leave a first sidewall insulator 42 about the first dis- 
posable gate structure 26. In one embodiment, this may 
be accomplished by masking the insulating layer 40 
over the second region 18 and anisotropically etching 
the insulation layer 40 over the first region 16. It will be 
55 understood that the first sidewall insulator 42 may be 
otherwise formed without departing from the scope of 
the present teachings. A portion of the buffer layer 31 
over the first region 16 may also be removed to expose 
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the semiconductor layer 12 in the first region 16. In one 
embodiment, the portion ot the buffer layer 31 over tlie 
first region 16 may be removed by the anisotropic etch 
used ID remove the portion of the insulating layer 40 
over the f irst region 16. • 
100281 A source 44 and a drain 46 may next be formed 
for the first transistor. In one embodiment, as shown by 
FIGURE 1 C. the source 44 and drain 46 may be raisor 
In this embodiment, the raised source 44 and dram 46 
may comprise a doped epitaxial layer of silicon or si^i- 
con^ermanium formed over the first region 16 of the 
semTconductor layer 12 adjacent to the d'sposaWe ga^e 
structure 26. Preferably, the raised source 44 and dran 
46 are in-situ doped by appropriate means d^osi- 
tion. Alternatively, the source 44 and drain 46 may be 
doped after deposition by means such as implant. 
[0029] For the p-type transistor formed in the firs 
eaion 16 of the semiconductor layer 12. the epitaaal 
silteon layer may be doped with a p-type dopant such as 
boron. Alternatively, the epitaxial silicon layer may be 
doped with dual dopants comprising p+ dopants over n 
dopants. It will be understood that the source 44 and 
dr^in 46 may comprise other dopants without depar ing 
from the scope of the present teachings. I will be harfrier 
understood that the source 44 and dram 46 may be ott^- 
en«ise formed within the scope of the present teach- 

Referring to FIGURE 1 D. the portion of the 
nsulating layer 40 over the second region 18 "^y be 
rTr^oved to leave a second sidewall insulator 50 about 
he recond disposable gate structure 28. As previously 
described, this may be accomplished by anisotropica»y 
ettwng the insulation layer 40 over the seco«^^ region 
1 8 H will be understood that the second sidewall insula- 
tor 50 may be otherwise formed without departng from 
the scope of the present teachings. A portion of the 
buffer layer 31 over the second region 18 
removed to expose the semiconductor layer 12 m the 
second region 18. In one embodiment, this portion n«y 
be removed by the anisotropic etch used to remove me 
portion of the insulating layer 40 over the second region 

lo031] A masking layer 52 may be deposit«) over the 
Umicl)nductor layer 12. The "^asWng layer 52 me^^^^^^^^ 
tect previously formed structures such as the source 44 
and drain 46 of the first transistor from further process- 
frjto form a source and a drain for the second transis- 
tor in one embodiment, the masking layer 52 may cover 
thefirsl disposable gate structure 16. first s-dewall insu- 
ator 42. soi.ce 44 and drain 46 of the first transisto^^n 
this embodiment, the masking layer 52 "f-ay be depos- 
ited over the semiconductor layer 12 a™" etch«lfrom 
the second region 18. A portion (not shown) of the 
masking material may remain on the second ' 
^sulator 50 of the second transistor. It will be under^ 
stood that the masking layer 52 may be othe^^^ 
formed without departing from the scope of the p^es^t 
teachings. For example, the masking layer 52 may be 



deposited prior to removal of the insulating and buffer 
layers 40 and 31 in the second region 18 and an aniso- 
tropic etch to remove masking, insulating and buffer lay- 
ers 52. 40 and 31 from the second region 18 at the 
same time. 

100321 The masking layer 52 may comprise a layer of 
nitride In this embodiment, the nitride 'ayer "lay be 
approximately 50-100 angstroms thick. It will be under- 
stood that the masking layer 52 may cornpnse other 
materials not subject to epitaxial growth without depart- 
ing from the scope of the present teachings. 
[00331 A source 54 and a drain 56 may next be formed 
for the second transistor. In one er^odiment asshown 
bv FIGURE 1D. the source 54 and dram 56 m^ be 
raised. As previously described in connection with the 
raised source 44 and drain 46 of the first transistor ^ 
raised source 54 and drain 56 may comprise a dop^ 
epitaxial layer of silicon or silicon-germanium formed 
over the second region 1 8 of the semiconductor layer 12 
Adjacent to the disposable gate 28. Preferably the 
raised source 54 and drain 56 are in-s.lu doped by 
appropriate means of depositions. Alternattvely. the 
Srce 54 and dram 56 may be doped after deposition 
by means such as implant. »L,„==/.«nrt 
[00341 For the n-type transistor formed J^^e secoij 
egion 18 of the semiconductor layer 12, the ep tax«l 
silicon layer may be doped with an n-type dopant such 
S phosphorous, arsenic or antimony. AUerna^eW. the 
eplLal silicon layer may be doped with dual d^arts 
comprising n+ dopants over p dopants. It will be under- 
SSJthaf the source 54 and drain 56 of the second 
SsTmay be otherwise formed without departmg 
from the scope of the present teachings. 
[00351 The masking layer 52 may be removed at this 
point in one embodiment, the masking layer 52 may be 
removed by a conventional anisotropic etch. A portjon 
(not shown) of the masking material may remain on the 
irst sidewall insulator 42 of the tir^J«"«'f; "J^.^/, 
understood that the masking layer 52 may be othenwse 
removed without departing from the scope of the 

f^al? C'S mas.ng layer 52 has been re^^^ 
he ra sed sources 44 and 54 and drains 46 and 56 may 
T^lo^r Accessed. For example, m the single ordu^ 
doped source and drain embodiment, the sou ces 
SI4 and drams 46 and 56 may be subjected to rapd 
thermal annealing (RTA) to diffuse the do,^nte d^end^ 
ing on desired gate to source and dram overiap. Itwill be 
understood that the raised sources 44 and 54 and 
drains 46 and 56 may be othen«ise processed without 
departing from the scope of the present teachings _ 
1^7] The sources 44 and 54 and drams 46 and 56 
Ly also be cladded. The cladding forms a res«t^ 
ance material over the raised source 44 and 54 and 
dSs^ and 56 by means of salicidation or formation 
* a ^1 layer over a portion of tbe raised source 4^ 
and 54 and drains 46 and 56. Uncapped gate strurtures 
S be cladded with the sources 44 and 54 and drams 
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46 and 56. Cladding at this stage prior to replacement of 
the gate structures of the first and/or second transistors 
reduce heat treatments to which the replacement gate 
structures will be subject. 

[0038] Referring to FIGURE 1 E. a planarizing layer 60 
may be formed over the first and second regions 16 and 
18 of the semiconductor layer 12. The planarizing layer 
60 exposes a portion 62 of the first disposable gate 
structure 26 and a portion 64 of the second disposable 
gate structure 28. If uncapped gate structures have 
been previously salicided. the gate structure may not be 
exposed by the planarizing layer (not shown). In one 
errfeodiment. the planarizing layer 60 may be deposited 
directly onto the semiconductor structure and 
planarized to expose the replaceable segments 32 of 
the first and second disposable gate structures 26 and 
28 In this embodiment, the planarizing layer 60 may be 
deposited to substantially the level of the cap segments 
34 or higher and then planarized down to the level of the 
readily replaceable segments 32. It will be understood 
that the planarizing layer 60 may be othenwise formed 
without departing from the scope of the present teach- 
ings. .1 en 
10039] In one embodiment, the planarizing layer 60 
may comprise an oxide. In this embodiment, the 
planarizing layer 60 may be deposited by a chemical 
vapor deposition (CVD) process and be planarized by a 
chemical-mechanical polish (CMP), etch back or the 
like It will be understood that the planarizing layer 60 
may comprise other materials, be othenwise deposited, 
planarized and/or etched to expose a portion of the f irst 
and second disposable gate structures 26 and 28 with- 
out departing from the scope of the present teachings. If 
salicided gate structures are not to be exposed by the 
planarizing layer, the gate structures may be protected 
by means as a nitride layer which is less easily removed 
by CMP relative to an oxide layer. 
[0040] At this point in the process, with the disposable 
gate structures 26 and 28 exposed, a gate salicide may 
be formed over a gate structure if it is not to be replaced 
and if it has not already been salicided with the sources 
44 and 54 and drains 46 and 56 as previously 
described. According to one embodiment, the gate of a 
pMOS transistor will not be replaced and the gate of an 
nMOS transistor will be r^Iaced. In this embodiment a 
cap (not shown) is formed over the gate of the nMOS 
transistor and a silicide material such as titanium is 
deposited over the gate of the pMOS transistor and 
reacted to form a metal cladding on top of the gate ot 
the pMOS transistor, but not fully substitute for the 
replaceable gate structure. In another embodiment, 
after the gate of the nMOS transistor is covered, the 
gate of the pMOS transistor may be cladded with metal 
by a self-aligned epitaxial deposition of metal cladding 
material such as selective titanium silicide (TiSig) which 
grows only over the exposed regions of the replac^ble 
material of the pMOS transistor. The salicidation of the 
gate of the pMOS transistor or of other transistors dur- 



ing this or other processing steps reduces the sheet 
resistance of the transistor. 

[0041] Referring to FIGURE IF. a cap 66 may be 
formed over the exposed portion 64 of the second dis- 
5 posable gate 28. In one embodiment, the cap 66 may 
comprise oxide, nitride or other material capable of pro- 
tecting the second disposable gate 28 during substitu- 
tional replacement of the first disposable gate 26. 
Accordingly, as described in more detail below, the first 
10 disposable gate structure 26 may be replaced without 
replacing the second disposable gate structure 28 pro- 
tected by the cap 66. In the nitride embodiment, the cap 
66 may be 50-500 angstroms thick. It will be understood 
that the cap 66 may be otherwise formed and/or conf ig- 
15 ured without departing from the scope of the present 

teachings. , 
[0042] As described in more detail below, a replace- 
ment layer 70 may next be formed over the first dispos- 
able gate 26. The replacement layer 70 may comprise a 
20 replacement material capable of substitutionally replac- 
ing the replaceable material of the r^aceable section 
32 of the first disposable gate 26. Accordingly, the 
replaceable material will be the gate material of the first 
transistor. For p-type and n-type transistors, the 
25 replacement material may comprise aluminum, a com- 
posite material such as aluminum-titanium or other suit- 
able materials capable of substitutionally replacing the 
replaceable material. Aluminum materials may be espe- 
cially preferred for n-type transistors due to its work 
30 function, sheet resistance and low gate depletion prop- 
erties Replacement materials having other work func- 
tion sheet resistance and gate depletion properties 
may be preferred for p-type transistors. It will be under- 
stood that p-type and n-type transistors may comprise 
35 another replacement material capable of substituting in 
place of the replaceable material of the replaceable sec- 
tion 32 of the first disposable gate 26. 
[00431 In one embodiment, the replacement layer 70 
may be deposited over the planarizing layer 60. the first 
40 disposable gate 26 and the cap 66. ^^^r^P'^^^^^^^^ 
layer 70 may be deposited to a thickness of 2.000-4.000 
angstroms for a replaceable section thickness 32 of 
1 500-2 500 angstroms. For the aluminum-titanium 
composite material, the replacement layer is a 1 .500- 
45 2 000 angstroms thick layer of aluminum with an overly- 
ir^g 500-1 .500 angstroms thick layer of titanium. It will be 
understood that the replacement layer 70 may be 
deposited to other thicknesses comprising enough 
replacement material to substitute for the desired por- 
50 tion of the removable section 32 of the first disposable 
gate 26 without departing from the scope of the present 

teachings. . 
[0044] If the cap 66 is not used over the second dis- 
posable gate 28. the replacement layer 70 may be pat- 
55 terned and etched to re-expose the exposed portion 64 
of the second disposable gate 26. Accordingly the 
replacement material of the replacement layer 70 will 
not interact with the second disposable gate 28 during 
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substitutional replacement of the removable section 32 
of the first disposable gate 26. in a particular en*odi- 
ment, the replacement layer 70 may be patterned and 
etched to leave a portion 72 substantially remaining 
only over the first disposable gate 26. It will be under- 
stood that the replacement layer 70 may be otherwise 
configured with respect to the first and second disposa- 
ble gates 26 and 28 without departing from the scope of 
the present teachings. 

100451 During the substitution process, the replace- 
ment material migrates to the gate as shown by arrow 
74 and the replaceable material migrates to the overly- 
ing layer as shown by an-ow 76. The replaceable mate- 
rial may be completely or partially displaced by the 
replacement material to form a first gate structure 80. 
Preferably, the replaceable material is completely or at 
least substantially displaced by the replacement mate- 

[00461 In one embodiment, the replacement and 
replaceable materials may be thermally annealed to 
accelerate substitutional replacement of the replacea- 
ble material with the replacement material. In a partiai- 
lar embodiment, the replacement and replaceable 
materials may be thermally annealed in the range of 
about 400 -500 Celsius for between about 15 to about 
90 minutes. It will be understood that the replacement 
and replaceable materials to be otherwise thermally 
annealed and without departing from the scope of the 

present teachings. 

[0047] Accordingly, the first gate structure 80 may be 
formed without the patterning and etching steps ^pi- 
cally associated with disposable gate technology. As a 
result the gate dielectric is not damaged and need not 
be replaced. Thus, problems associated wrth regrowing 
or reforming the gate dielectric such as thickness, uni- 
formity and slot width enlargement may be avoided. 
Additionally, the first gate structure 80 may comprise a 
material with a desired work function, sheet resistance 
and low gate depletion rate. 

[0048] After substitution of the replacement material in 
place of replaceable material, the displaced replaceable 
material that has migrated to the replacement layer 70 
may be removed. In one embodiment, the semiconduc- 
tor structure may be planarized to remove the remaining 
replacement layer 70 along with the displaced replacea- 
ble material and the cap 66. In this embodiment the 
semiconductor structure may be planarized by a chem- 
ical-mechanical polish (CMP) or the like. H will be under- 
stood that the remaining replacement layer 70, 
displaced material and cap 66 may be otherwise 
removed without departing from the scope of the 

present teachings. ^ ,^ on 

[0049] Referring to Figure IG. the gate structure 80 
may comprise a gate dielectric 82 formed by the buffer 
section 30 and a gate body 84 comprising the replace- 
ment material. It will be understood that the gate struc- 
ture 80 may be othenwise configured without departing 
from the scope of the present teachings. 



10050] In one embodiment, the gate body 84 may be 
etched to form a T-gate and/or planarized to form a non 
T-gate. Methods such as selective epitaxial deposition 
on the non T-gate can result in formation of a T-gate due 
s to epitaxial overgrowth. The gate body 84 may comprise 
a material selected to maximize operation of the p-type 
first transistor. In one embodiment, the gate body 74 
may comprise a metallic nraterial. It will be understood 
that the gate body 84 may comprise other suitaWe 
,0 materials without departing from the scope of the 
present teachings. 

[0051 1 in the embodiment where the readily etchable 
segment 32 may comprise in part n-type gate material, 
the second disposable gate structure 28 may comprise 
15 the gate structure of the second gate transistor and 
need not be removed and replaced. In this embodiment, 
the second disposable gate structure 28 may include 
salicidation. As previously described, the salicidaton is 
performed before replacement of the first gate structure 
20 26 to prevent the high temperatures associated with sal- 
icidation from melting or othen«ise adversely affecting 
the first gate structure 80. Thus, the transistors may 
comprise independently formed gate structures 80 and 
28 The independently formed gate structures may 
26 comprise disparate materials well suited for the type of 
transistors in which each is used. In an embodiment 
where the readily etchable segment 32 may comprise in 
part p-type material, the first disposable gate structure 
26 may be capped and the second disposable gate 
30 structure 28 removed and replaced as 

described for disposable gate structure 26. Thus, the 
designations of the first and second transistors as p- 
type and n-type transistors is for illustrative purposes 
and does not limit the scope of the present teachings. 
35 For example, the transistors may be non-complemen- 
tary transistors. 

[0052] In an embodiment where the second disposa- 
ble gate structure 28 is to be replaced, cap 86 may be 
lorined over an exposed portion 88 of the first gate 
40 Structure 80. In one embodiment, the exposed portion 
88 of the first gate structure 80 may be the top of the 
gate body 84. In one embodiment, the cap 86 may com- 
prise oxide, nitride, or other material capable of protect- 
ing the first gate structure 80 during substitutional 
45 replacement of the second disposable gate 28. Accord- 
inoly as described in more detail below, the second dis- 
pute gate structure 28 may be replaced without 
reolacing or othenwise adversely affecting the first gate 
structure 80 protected by the cap 86. In the nitride 
50 embodiment, the cap 86 may be 50-500 angstrorns 
thick. It will be understood that the cap 86 may comprise 
other materials and/or be othenwise configured without 
departing from the scope of the present teachings. 
[0053] A second replacement layer 90 may be formed 
55 over the second disposable gate 28. As previously 
described in connection with the replacement layer 70, 
the second replacement layer 90 may conprise a 
replacement material capable of subslitutionally replac- 
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ing the replaceable material of the replaceable section 
32 of the second disposable gate 28. Accordingly, the 
replaceable material will be the gate material of the sec- 
ond transistor. For p-type and n-type transistors, the 
replacement material may comprise aluminum, a com- s 
posite material such as aluminum-titanium or other suit- 
able materials capable of substitutlonally replacing the 
replaceable material. Aluminum materials may be espe- 
cially preferred for n-type transistors due to its work 
function sheet resistance and low gate depletion prop- w 
erties Replacement materials having other work func- 
tion sheet resistance and gate depletion properties 
may be performed for p-type transistors. It will be under- 
stood that p-type and n-type transistors may comprise 
other replacement materials capable of substituting in ,s 
place of the replaceable material of the replaceable sec- 
tion 32 of the second disposable gate 28. 
[0054] In one embodiment, the second replacement 
layer 90 may be deposited over the planarizing layer 60 
the second disposable gate 28 and the cap 86. In that 20 
particular embodiment, the second replacement layer 
90 may be deposited to a thickness of 2.000-4,000 ang- 
stroms for a replaceable section thickness 32 of 1 ,500- 
2 500 angstroms. It will be understood that the second 
replacement layer 90 may be deposited to other thick- 2b 
nesses comprising enough replacement material to 
substitute for the desired portion of the removable sec- 
tion 32 of the second disposable gate 28 without depart- 
ing from the scope of the present teachings. 
msSi H the cap 86 is not used over the first gate 30 
structure 80. the second replacement layer 90 may be 
patterned and etched to re-expose a top 88 of the firs 
gate structure 80. Accordingly, the replacement materia^ 
of the second replacement layer 90 will not interact with 
the first gate structure 80 during substitutional replace- 35 
ment of the removable section 32 of the second dispos- 
able gate 28. In that particular embodiment, the second 
replacement layer 90 may be patterned and etched to 
leave a portion 92 substantially remaining only over the 
second disposable gate 28. It will be understood that 40 
the second replacement layer 90 may be otherwise con- 
figured with respect to the f irst gate structure 80 and the 
second disposable gate 28 without departing from the 
scope of the present teachings. 

[0056] As previously discussed, in connecuon with the « 
first disposable gate 16, at least a portion of the replace^ 
able material of the second disposable gate structure 28 
may be substitutionally replaced with the replacement 
material ol the second replacement layer 90. Dunng he 
substitutional replacement, the replacement materia of so 
the second replacement layer 90 migrates into the 
replacement section 32 of the second disposable gate 
18 as shown by arrow 94 and the replaceable material 
of the replaceable section 32 migrates to the second 
disposable layer 90 as shown by arrow 96. The replace- ss 
able material may be completely or partially displaced 
by the replacement material to form a second gate 
structure 100. Preferably, the replaceable material is 



completely or at least substantially replaced by the 
replacement material. 

[0057] In one embodiment, the replacement and 
replaceable materials may be thermally annealed to 
accelerate the substitutional replacement. In that partc- 
ular embodiment, the replacement and ^eplace^e 
materials may be thermally annealed at about 400 -500 
Celsius for between about 1 5 to about 90 minutes. It will 
be understood that the replacement and replaceable 
materials may be otherwise thermally annealed and/or 
substitutionally replaced without departing from the 
scope of the present teachings. 
10058] Accoidingly, the second gate structure 100 
may be formed vinthout the patterning and etching steps 
typically associated with disposable gate technology. As 
a result, the gate dielectric is not damaged and need not 
be replaced. Thus, problems associated with regrowing 
or refwming the gate dielectric such as thickness, uni- 
formity and slot width enlargement may be avoided. 
Additionally, the second gate structure 100 may com- 
prise a material with a desired work function, sheet 
resistance and low gate depletion rate. 
[00591 Referring to Figure 1 H, after substitution of the 
replacement material in place of the replaceable mate- 
rial the displaced replaceable material that has 
migrated to the second replacement layer 90 may be 
removed. In one en*)odiment, the semiconductor struc- 
ture may be planarized to remove the second remaining 
replacement layer 90 along with the displaced replacea- 
ble material and the cap 86. In this embodiment the 
semiconductor structure 10 may be plananzed by a 
chemical-mechanical polish (CMP) or the like. It will be 
understood that the remaining second replacement 
layer 90, displaced material and cap 86 may be other- 
wise removed without departing from the scope of the 
present teachings. For embodiments in which a gate is 
salicided. a layer such as nitride may be formed over the 
salicided region. The nitride layer is not easily removed 
during chemical-mechanical polishing (CMP) proc- 
esses. Accordingly, the chemical-mechanical polishing 
(CMP) steps will not damage and/or remove the sali- 
cided region. It will be understood that a salicided region 
may be otherwise protected during chemical-mechani- 
cal polishing (CMP) or other planarization processes. 
[0060] The gate structure 100 may comprise a gate 
dielectric 102 formed by the buffer section 30 and a gate 
body 104 comprising the second replacement material. 
H will be understood that the gate structure 100 may be 
otherwise configured without departing from the scope 
of the present teachings. In one embodiment, the first 
and second replaceable materials may both con^r^e 
the same material. Thus, the disposable gate body 
structures 16 and 18 may be replaced at the same time 
by a single replacement layer. In this embodiment, a 
protective cap need not be used nor does the reptece- 
ment layer need to be patterned and etched as both dis- 
posable gate body structures 16 and 28 will be 
sutistitutionally replaced. 
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10061] in one embodiment, the gate body 104 may be 
S to form a T-gate and/or planarized to form a non 
M^ods as selective ef^t-ia. d^os^on 
on the non T-gate can result in formation of a T-gate due 
?o SS.a. over growth. The gate body 104 may ^m- 
priSamateria. selected to maxlm«eoperatonoU^^^^ 

Le second transistor. In one embodimert. the gate 
S 1 04 may comprise aluminum and t^e '^ke^-'^be 
understood that the second gate body 104 mfV «>rn 
Sse^^suitable materials without departing trom the 
scope of the present teachings. 
100621 The process of capping and substitutionally 
Sngalloratleastpartofthedisposa^e^^^^^^^^^ 
tures may be repeated such that any """^''er o^ transis 
o^may have Substitutionally formed gate bodies^ The 
TnSrs may be complementary transistors or of he 
same type. Additionally, the source and *™ 
SstSs may be Independently formed and comprise 

.he cSIpl-entary transistors, the n-type 
Ktype 9a£ have'an associated gate worMunctjon 
which in part determines the threshold voHage of the 
Ss^^r^ie threshold voltage of transistor is deter- 
miS such factors including the gate worK funct^. 
EfeSconductor work function, and the dopant con- 
centration in the transistor channel region. 
mS AS the gate dielectric thickness decreases, the 
concentLon in the transistor ^an-l r^^^^ 
su^ntially increases to resultin a ^^^J^^ 
tor threshold voltage to a desired aJ'I^J '=^'^° 

dielectric thickness, the dopant °" ^ 

transistor channel region to change a threshold votege 
dSred value would approach the ^-^^^^f^^ 
dopant concentration. Thus, it '^'^""^^'^^^.^ 
dielectric thickness is reduced, the control of transi^r 

Sdd voltage by dopant d«"«"V ^^ ^l^^^^^^^^ 

cuH. Accordingly, ft may be ^^"^^"^^'^rlTT^ 
onniiraiions the threshold voltage or off current « a 

SSr: adiust«. in part ^^VrasT^Sry 
and not only by dopant concentration as is presently 

fSSr'^Since different gate materials or gate types 
Srfferent associated gate work functions which can 
Ss in irt determine transistor threshold voltage, and 
Te tHfficul^es in using ciopam^-f^,^,,^°S 
threshold voltage, it is in part recognized that far transis 
tor^equiring .Afferent threshold voltage, the gate mate- 
IXXe we can be changed for the transistors such 
hit vSng^reshold voltages of transistors ma circuit 
Tarbe^otLined by appropriate f .-^j;^^^^; 
materials of the transistors in a circuit. It is further reoog 
S tSt While an application of f -^nt f "ter. 
als or gate types is for CMOS circuits for which there a e 
Sm'lemer^ry n-type and P'^^P^ 
ferent desired ttireshold voltages for n-type and p-type 
«2^o^ many applications for CMOS circuits may 
SJJre rSre than simpiy dmerent threshoW vo^tege^fo 
n^pe and p-type transistors. Rather, it may addftionally 



be reouired that particular n-type transistors have them- 
Sv2Xent threshold voftages at different locatons 
StlJcircuit with particular -type transi^^- ha^^^^^^^ 
low threshold voltage and particular ""We 'mns.stors 
^vina a high threshold voltage. Similarly, ft may addi 
' 53 be required that particular p-type transisto^ 
have Cse^s different threshold voltages at differem 

^tai^J be used for complementary or non-corn- 
?eme47^lansistors as desired for given circuit appl- 

,5 rooeer Whlle the above description has discussed pri- 
mariW thruse of gate material or gale type wnh a given 
S w^rkSon to set a threshold voltage, ft -s sinni- 
Sy^^n«ed that gate material can sign« 
aiect the gate sheet resistance. For example, the g^e 
.0 S ristance of a metal is significantly lower than 
" ^attTsticonductor material and may t«fo^^^^^^ 
that for a salicide-clad gale material. It is noted that the 
Se ^eeTresistance may include a resistance corrtr. 
Sfordue to lateral current conduction along the lengtt^ 
« S^he o^te as well as include a resistance contr.butK>n 
i^to S^ticLl current conduction along the h«ght of 

SS"' The gate sheet resistance may be critical for 
S>a-ircute or for particular locations o1 the circurt^ 
30 Furthermore, the gate sheet resistance in a c.curt or 
particular location of a circuit may be crrtica fo a device 
Tone type, such as nMOS, or may be critical for rthe 
SpTsTdevices, including pMOS. It may be that for 
Sme applications, the gate sheet ^es^tance of tt>e 
35 See is more critical to circuft function than h^J^sh- 
niri voltaae of the device as may be true for particular 
S^Sltisalsonotedthatthegatesheetr^^^^^^^^^^^^ 
is more crrtical for wide devices for which the lateral cur 
iT^rn along the length of the gale -y mtr^^^^^^^ 
40 nrficant total gate resistance thus degrading the overall 

circuft performance. roci^tance 
[00681 Devices requiring low gate sheet fesistanoe 
rnayulilize a new gate material by means as in a coa^ 
:^\ional disposable gate J-'^-'<^V ^ 
45 substitutional gate technology f^^^'^Jf^rte materia 
example substitution of the replaceable gate mater a 

2l«pMOSFET,«ma,b.lh.tlor»«n«*»»^^ 

,a=ia.nc. i» «n*» from . p- 

„ tvoe DOly-Si gate to a metal Al gate. 

KSl in acco«lancewiththepresentteach.ngs, com- 
Sementary devices in a particular circuft location may 
Save orS gate material while complementary devices in 
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a different circuit location will have another gate mate- 
rial Similarly, it may be that one type of device in a par- 
ticular circuit location may have one gate material while 
another device of the same type in a different circuit 
location will have another gate material- It may also be 
that devices in a location of the circuit for which the cir- 
cuit delay is not dominated by gate resistance will be of 
one type of gate material, and of a particular dopant 
type and devices in a location of the circuit for which the 
gate resistance is an important factor in circuit delay will 
have another gate material. 

[00701 Although the present teachings have been 
described with several embodiments, various changes 
and modifications may be suggested to one skilled in 
the art. 

Clainis 

1. A method of fabricating a semiconductor device, 
comprising the steps of : 

isolating a first region of a semiconductor layer 
from a second region of the semiconductor 
layer j 

forming a first disposable gate structure of a 
first transistor over the first region of the semi- 
conductor layer, the first disposable gate struc- 
ture comprising a replaceable material; 
forming a second disposable gate structure of 
a second transistor over the second region of 
the semiconductor layer; 
forming a replacement layer over the first dis- 
posable gate structure, the replacement layer 
comprising a replacement material; and 
substitutionally replacing at least a portion of 
the replaceable material of the first disposable 
gate structure with the replaceable material of 
the replacement layer to form a first gate struc- 
ture. 
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2. The method of Claim 1 . wherein the step of substi- 
tutionally replacing at least a portion of the replace- 
able material with the replacement material further 
comprises annealing the replacement and replace- 
able materials. 

3 The method of Claim 2. wherein the step of ther- 
mally annealing the replacement and replaceable 
materials comprises thermally annealing the 
replacement and replaceable materials at about 
400 -500 Celsius for subslanially between 15 and 
90 minutes. 

4 The method of any preceding Claim, wherein the 
step of forming a replacement layer comprises 
forming a replacement layer having a portion of 
replaceable material comprising substantially all of 
the replaceable material. 



The method of any preceding Claim, further com- 
prising the steps of: 

forming a planarizing layer over the first and 
second regions, the planarizing layer exposing 
at least part of the first and second disposable 
gate structures; 

forming a cap over an exposed portion of the 
second disposable gate structure; 
the step of forming the replacement layer fur- 
ther comprising depositing the replacement 
layer over the planarizing layer, an exposed 
portion of the first disposable gate structure 
and the cap; and 

the step of substitutionally replacing at least a 
portion of the replaceable material of the first 
disposable gate structure with the replacement 
material further comprising thermally anneal- 
ing the replacement and replaceable materials. 

6. The method of any of Claims 1 to 4. further com- 
prising the steps of: 

forming a planarizing layer over the first and 
second regions, the planarizing layer exposing 
at least part of the first and second disposable 
gate structures; 

the step of forming the replacement layer com- 
prising forming the replacement layer over an 
exposed portion of the first and second dispos- 
able gate structures; 

patterning and etching the replacement layer to 

re-expose the exposed portion of the second 

disposable gate structure; and 
35 the step of substitutionally replacing at least a 

portion of the replaceable material of the first 
disposable gate structure with the replacement 
material further comprising thermally anneal- 
ing the replacement and replaceable materials. 

7 The method of any preceding Claim, wherein the 
step of forming the replacement layer comprises 
forming a replacement layer from a replaceable 
material comprising poly-crystalline silicon. 

8 The method of any of Claims 1 to 6, wherein the 
step of forming the replacement layer comprises 
forming a replacement layer from a replacement 
material comprising aluminum. 

9. The method of any preceding Claim, further com- 
prising the steps of: 

forming a second replacement layer over the 
55 second disposable gate structure, the second 

replacement layer comprising a second 
replacement material; and 
substitutionally replacing at least a portion of 
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the second replaceable material of the second 
disposable gate structure with the second 
replaceable material of the second replace- 
ment layer to form a second gate structure. 

5 

10. The method of Claim 9. wherein the step of forming 
the first and second replacement layers comprises 
forming first and second replacement layers 
respectively from first and second r^laceable 
materials comprising the same material. 

11. The method of any preceding Claim, the step of 
forming the first disposable gate structure further 
comprising the steps of: 



20 



15 



forming a buffer segment over the semiconduc- 
tor layer for preventing substitution of the semi- 
conductor layer during the substitutional 
replacement of a replaceable segment of the 
first disposafcrte gate structure; and 
forming the replaceable segment of the first 
disposable gate structure over the buffer seg- 
ment, the replaceable segment comprising the 
replaceable material. 
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